Interrogation strategies for probing wireless passive SAW sensors  by Droit, C. et al.
Procedia Engineering 25 (2011) 1024 – 1027
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.12.252
Available online at www.sciencedirect.com
Proc. Eurosensors XXV, September 4-7, 2011, Athens, Greece 
Interrogation strategies for probing wireless passive SAW sensors 
C. Droita, J-M Friedta,T.Rétornaza, S.Ballandrasab 
 
a SENSeOR, Besancon, France 
bDepartment Time and Frequency, FEMTO-ST, Besancon, France 
 
Abstract 
Surface acoustic wave devices are now widely used for monitoring physical quantities such as 
temperature or stress. The intrinsic radio-frequency (RF) nature of these devices makes them ideal for 
wireless and passive sensor applications. We develop an interrogation unit following the principles of a 
frequency sweep network analyzer. The wireless interrogation of the resonance frequency of acoustic 
resonators induces the additional necessity of switching on and off the radiofrequency RF emission in a 
manner similar to that used in RADARs to comply with the regulations in the 433.4 MHz, 1.7 MHz wide, 
European ISM band. We assess the interrogation range, as well as the accuracy of the measurement and 
we develop various software strategies enabled by the fully digital nature of the radiofrequency RF 
synthesis chain. We particularly demonstrate the advantage of using different strategies depending on 
measurement application. 
 
The first strategy we have selected for interrogating narrow-band devices is a slow sweep of a frequency 
source with a spectral response narrower than that of the passive acoustic resonators. The basic principle 
is similar to that used by network analyzers, although the wireless link induces an additional constraint, 
namely the alternation of emission and reception phases as used in RADAR strategies with unique 
improvements such as emitting a probe pulse with a spectral width narrower than the resonance width at 
half height. We have presented previously [1] the digital processing steps used to improve the resonance 
frequency identification resolution, using a second-order polynomial fit. However, although a frequency-
sweep network analyzer approach reduces the requirements in terms of sampling rate and memory 
capacity, the global interrogation duration is increased due to the many frequency steps required for 
accurately identifying the resonance frequency. Considering that each interrogation step requires 60 μs 
and 128 steps necessary to find two resonant frequencies, 7.7 ms is necessary to get a measurement. An 
alternative approach uses a feedback control to track the resonance frequency. Therefore, 3 interrogation 
points are enough to locate the resonant frequency, providing a measurement in 360 μs. Once initialized, 
this three probe pulses strategy allows for detecting the resonance frequency with sub-100 Hz resolution 
in the 434 MHz ISM band. The second strategy uses a frequency-modulation-based interrogation strategy 
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[2]. The conversion of frequency modulation to amplitude modulation by radiofrequency resonators 
hence reveals an accurate way to determine the resonance frequency of wireless passive sensors. Along 
this strategy, an interrogation strategy has been developed exploiting the cancellation of an amplitude 
modulated signal resulting from the conversion of the FM-to-AM conversion via the transfer function of 
the resonator. A feedback loop control based on this approach yields a resonance frequency detection 
with sub-25 Hz resolution in the 434 MHz ISM band with an acquisition rate around 1 Hz. The third 
strategy is using a Universal Software-Radio Peripheral (USRP) running the GNURadio software to 
detect resonance frequencies by Fourier transform [3]. We compare the three strategies concerning 
accuracy, refreshing delay, detection distances and cost issues.  
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1. Introduction 
Within the context of probing acoustic wave resonators acting as wireless, passive sensors, we present 
different interrogation strategies.  We use SAW resonators built on single crystal piezoelectric substrates 
exhibiting parametric sensitivities varying along the substrate crystal orientation. In order to apply such 
devices for the design of temperature or stress sensors, we exploit a differential design in which the 
frequencies of a reference resonator and a sensing resonator are both monitored in order to reduce the 
sensitivity of SAW to unwanted parameters. The sensing resonator drift from the reference resonator with 
the physical quantity measured. In our case, this particular sensor provides usable signals in the -20°C to 
150°C range while keeping all resonances within the 1.7 MHz ISM band range. The Temperature 
Coefficient of Frequency (TCF) is around 2.5 kHz/°C (6 ppm/K) to account for the differential 
measurement which is performed under the assumption of the ISM band division in two equal parts. To 
extract the resonant frequency for the different interrogation strategies, two interrogation units are used. 
The first is an embedded interrogation unit using a low-power microcontroller synchronizing all the 
measurements steps from frequency synthesis to switching from emission to reception and analog 
returned signal sampling at the output of a wideband power detector [1], the second is the FPGA-based 
Universal Software-Radio Peripheral (USRP, http://www.ettus.com/) running the GNURadio 
(http://gnuradio.org/) toolkit. The flexibility provided by both approaches provides the means to quickly 
prototype various interrogation strategies without updating the hardware. 
 
In this context, using the GNURadio radio toolkit  running on the USRP provides the signal processing 
blocks to implement software radios including a Fourier-transform based interrogation strategy of the 
SAW resonators as well as a frequency sweep approach. The latter will not be developed here since the 
slow communication rate between the control computer and the USRP yields excessively slow refresh 
rates of the information since the emitter must be reconfigured for each new emitted frequency. On the 
other hand, the huge processing power provided by modern personal computers provides excellent 
performances when using the Fourier-transform approach (Figure 1) which might be excessively 
optimistic when implemented on embedded, low cost and low power electronics. 
2. Interrogation strategies 
2.1. ISM band scanning  
The basic principle of this strategy is similar to frequency-sweep network analyzers, with the addition 
of alternating emission and reception phases as used in RADAR strategies in order to improve the 
isolation between emission and reception. Considering that each interrogation step requires 60 μs (as 
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required by the quality factor of the resonator) and 128 steps are needed to make sure that at least 3 
interrogations are within the band-pass of each resonator, this method required 7.7 ms to get a 
measurement. An alternative approach uses a feedback control to track the resonance frequency. 
Therefore, 3 interrogation points are enough to locate the resonant frequency, providing a measurement in 
360 μs (2 bands * 3 points * 60 μs). Once initialized, this three probe pulse strategy allows for detecting 
the resonance frequency with sub-100 Hz resolution in the 434 MHz 
ISM band frequency-modulation-based interrogation 
3. Experimental results 
Figure 1: the top left figure displays the relationship 
between the resonator characteristics (red curve) and the 
probe pulse spectral width depending on the interrogation 
strategy (wideband for powering both resonators in a 
Fourier transform approach as the blue curve, narrowband 
for powering only a single resonator for a frequency sweep 
approach as the green curve). In order for the accuracy of 
the frequency identification not to be limited by the probe 
pulse width but by the quality factor of each resonator, the 
green curve should actually be of the same width than the 
red curve, hence the need to emit a pulse 30-μs long (30 
kHz spectral width) to probe a Q~10000 resonator around 
434 MHz. Bottom: the time-domain recorded signal exhibits 
the beat signal resulting from the interference of the power 
returned from both resonances. Bottom left: using a 
wideband pulse, both resonance significantly contribute to 
the signal. Bottom right: using a narrower pulse, one 
resonance significantly contributes to the returned power, 
and using a frequency sweep strategy the transfer function 
of the sensor is recovered (top-right). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: comparison of the frequency measurement of the 
temperature sensitive resonance of the SAW sensor 
depending on the interrogation strategy. Both methods 
exhibit similar accuracy and standard deviation over the 
whole temperature range (bottom curve: recording from a 
Pt100 temperature probe of the climatic chamber 
temperature). A second order polynomial relationship 
allows for the conversion from frequency to temperature. 
 
 
 
 
 
   We hence observe that the various strategies based on a the identification of the resonance frequencies ± 
whether through a Fourier transform approach or a frequency sweep strategy ± provide similar results in 
terms of accuracy (Figure 2). Hence, selecting one approach or another becomes mostly dependent on 
external parameters, such as the need to comply with radiofrequency emission regulations and the 
availability of computational power. Fourier transform are implemented as hardware cores in modern 
Digital Signal Processors or Field Programmable Gate Arrays, while the frequency sweep approach 
requires a flexible radiofrequency source which can be reconfigured in less than 10 μs (figure 3). The 
latter strategy is optimized by focusing on the previous resonance frequency identification and replacing a 
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sweep over the whole frequency range with a 3-point strategy aimed at identifying minute frequency 
changes as would be expected from a temperature sensor: this approach is hardly applicable to a strain 
gage connected to a vibrating element since the frequency excursion from one measurement to another 
might not yield small enough variations for the hypothesis of the 3-point approach to be valid. Finally, the 
FM-strategy yields the highest resolution by replacing a feedback control on the identification of a 
maximum to a linearly varying parameter (phase change around the resonance frequency). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 3: Frequency sweep approach: left-top the frequency domain sweep with the returned power as a function of  frequency ; 
bottom-left: time domain response recorded for various frequency within and outside the bandpass of the resonators. Right: Fourier 
transform approach, exhibiting the beat signal from the returned power from both resonator excited by a wideband pulse (top), and 
Fourier transform of the returned signal (bottom). 
4. Conclusion: 
   We demonstrate the implementation using flexible hardware of various interrogation strategies for 
probing through a wireless link passive acoustic sensors. All approaches aim at complying with the 
narrow European ISM band. Strategies based on maximum returned power for identifying the resonance 
frequency provide equivalent standard deviation in the hundred Hz range. Replacing the maximum 
returned power identification with a feedback control on a linear phase shift reduces the standard 
deviation on the resonance frequency identification to sub-25 Hz. The interrogation duration is in the tens 
of millisecond range when probing the whole ISM band in a frequency sweep strategy, and millisecond 
range when focusing on the resonance using a 3-point approach. The refresh rate of the Fourier transform 
approach is not significant here since it is implemented on a powerful personal computer with 
computational power hardly comparable to the embedded electronics approach. The FM strategy is 
intrinsically slow since multiple periods of the modulated signal are needed to identify a phase 
information, the modulation frequency being limited by the high quality factor of the resonator. 
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